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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the minimum loss, the 
broad band and the squareness ratio by selecting a piezoelectric 
single crystal substrate sliced at an optimum cut angle with respect 
to an electrode film thickness. 

SOLUTION: For example, a piezoelectric single crystal having 
crystal axes X, Y, Z like an LiTa03 is sliced around the axis X at a 
rotation angle 0 tilted from the Y axis in a direction of the Z axis as 
a substrate. When the angle Ois selected higher than a conventional 
angle of 36° , the surface acoustic wave device with a high Q in 
which the attenuation in the surface acoustic wave is less for a 
GHz frequency band is obtained. Furthermore, since the position of 
the filter pass band is shifted toward lower frequencies with respect 
to a conventional spurious peak attended with the applied mass 
effect to electrodes at high frequencies, the spurious peak is 
located at the outside of the filter pass band in the device formed 
on the substrate with a higher angle 9. Furthermore, the squareness 
ratio of the pass band characteristic is changed with the angle 9 and 
especially, the higher angle 0 is used for a GHz band than a 
conventional angle to provide excellent pass band width and 
squareness ratio to the substrate. 
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« 



1 

Sffi&COSfitOO . 03-0. 1 5 <D^m<ow^^^ 
L ; wimEEmmmte. L i T a 0 3 ^s^ft, Xi&ft* 

[fi*^2] njEffiMtE**, L i T a o 3 mm& 

ft, Xtt^^-ll>^ x Ytt75^Ztt^r6]{C4 0 — 4 6° <7) 
$Sffl^^ST-0Ss^i±^*fe^^i-5 ^cOT^fo^ ^ ft 

[8S**3] ME««'<*-vtt, lfflEffi«S«±tt: 
®je*4xS#tt*ffijK^**«>0. 0 7-0. 

11 <o « s ft 5 r ^ ft &m t -r z> if jftjg 1 * tt 2 la 

ajg*ix5Wtt*ffiiat^iftfi:O0. 0 5-0. lOCDte 
ffltf>ff$**rU mflS/£m£«fi, L i T a O3 WJSA 
ft, xWjftf'frfc, Y»bZiMl:4 0-4 4° co 
«H©A«^lHlteS*^*ffiS:*r-5 tO-CfcS C £ ft 
»itt5»*« 1 ft^L 3 ©v>i*ix^— *B*«>»tt 

[»**5 ] W8BJimS«fi, L i T a 0 3 
ft, Xttft^^fC, YW>bZtt*[5]|:4 2° (DmmcO 

ftflt-eiHi«s***:*ffift*i-s totfcar fc 

[IS*K6] flME««'<* — Al i945ri 
ft4»«i:-r6l»*« 1 ftv^L 5 co^-f tt^— «IB«6<?5» 

[W**7] «rlE«ffi^^ — V'tt. ai-Cu^J: 
VttZZt ft»«^:-r^fft*« 1 fti/^5W^f^- 

titzA 1 Sri^ttSiS/^-yiri^jiSPtt* 

^ffi&O&fiCQ 0 . 0 3 — 0. 15 <D®fflCOff S ftW 
L ; AftBEEWECtt. L i T a 0 3 iiMgSft, X$6ft* 
^>tC, Y*fc^6Z«l*|p|JC3 8-4 6° CO^ScO^g-C 

HSS*fc*tt«r#L ; *MEMB'<*->'tt, 
[ffl^Sio] «MEti/^-^tt, <WEl£SS«* 



(2) &m¥>9- 1 6 7 9 3 6 

2 

'>ft< Hl/2«M«p:i:S:»«it5B««9 

[is#jg 1 1 ] hUis^ 1 ftjisffims^ 
KDmmmmt. s^^ai-g^n, weh©« 

»W*.fc?>fc9* ffiEJB2^*^««tt, AftEBEttSft 
*Bi±lc^v^-C»E»tt*ffi««>e«MiKlcSsJ6L, * 
iiJcWEa*«B^tc»tt$ixfe«»[^«S*g«t «9 ftSfg 

3 s^c#aK*RS*u RtiiE^3^m 

tt« * «t <9 ft £ r t ft4*» fc -T 5 W** 1 0 Ettco^tt 

2] WE!BifcSv^fiJR2w»»«*fi«[ 
MBttfeh, «FE*»«>*i^*»««t«rE*SR«> 
20 £2<0tt?gm«£:tt, iWEl£«£«*ffi±{c, 

1 o^^tti iE«©»tt*B«7-f/u 

3] mE««^^-^tt, mmmmmmm 
m±\zm& ztntni <ommwm tm2 <ommw& t ft 

AMES! l 0>«Mg«ffitf:, «fEJEE«S«*ffi-bJc*5^Tfl(r 
E#i^ffi«oej^K«cKJ6i-SJ;5*-»**4x, * 

a A^sa^y- {-s^ s titzmwccommm & r> ft 6 m 1 co 

t J: *) ft 0 , 

mIfSB2coffl^m@fi, «rEEE«S«*ffi±lcfcv^r«lr 

E»tt*B5««>eiftaa(c2Ki6L, *a{CHUte^2com 

«*B»lc««*ixfc*««>*«»J: f9 ft5!B3<z>««Jg 

»0 cfc 9 ft 5 w t ft«M* fc -T 5ft*JS 9 !2ffico#ti^ 

40 [»*«14] IWEWI/^-^fi, ffiEJE 
«*«*ffi±icd3V^-CWE#tt*ffitt^ei8jft»jcX* 
i"6J:5lc***ix, ^aicmEff 2 comffitg^JcgEM 

ft ct 9 ft 5 k e <o««»g» t ct 9 ft 5 & 3 
oe»s»ic3s*u, *ajc«fES4<DSffi«»«c«jtt 

*aicm*»^-^«tt*4x. ttCH7«)llttffoilli: 
50 ^fiE-f 5tt*<D««ltJ:9ftSfB8<o««tB»fc J: 9 ft 



3 

MESB 3 IffiESSSS 2 (Ott5«?Sffit- 

»»LT^*^T^Sr.i:S:«pa^"rs»**l 1 IS 

*ffi«Ltf>SEfitf>0. 03-0. 15^|(Of^t 
L ; S(rlEffi«S4Rfi, L i T a O3 ^»SSr, xWi£^ 
^(C, Y#^bZtt*|Sll:3 8-4 6° (BaKHCDAftT? 

jg 1 -fg 5 <D»»*««:** ; mrfBfS 1 0>flHB«« 
ifflEfg l <z>«Sffi»fiOW^^ffii-6««co««ffi <t 0 ft 

mriem 2 (DMMmmte. mt&&mmwi^tm±\c^xm 

EW±*Bi«©e«8»Kfc5a8U *ii JEWESS 2 0>« 
S*tfe**o««fB * 5 ft 3 

»W£«fc!9ft9 ; mi5*3 0«?K«ffitt, ^btc, 89IE 

st(oti^ j: «9 ft 6 sb 6 (ommmm ^t)^^S3o 

«»Sll£J;!9ft9 ; ifflKJM <o#fl£««f*. £ <b(^ 

tt^«c««Six, WE»5 7<o««iB»o[B«-^aEi'5a 
7i2®ffi£«fc«3ft!K 

*3v^rfl(rE#tt*ffi«[wes8SK»c sfsi-r s «t 5 

*) ft £35 l 0 <z>tt««tt £ J: 9 ft 6^ 5 0>fi»l$8«£ 9 
ft 6 £ ^®(l:t5W^®iS7^ 



(3) 4#i¥9- 1 6 7 9 3 6 

4 

3c®$W?£g<£> 0 . 03-0. 15 (OU^(Om £ SrW 
L ; BfTEEEmS«l±L i T a 0 3 HMSifiS:, X»Srt»i> 
Ytt^e>ZW*r6ltr:3 8 — 4 6° (DVm<Ofi&X*& 

tteS-t£fc#te£*TL ; BfrEmn^-^i*, iftE/£®g 

10 m^f§J:9ft5!gltf)®*l*gP<!:. ^2 0SIJ^«8^(CS 

zm%t<Dmmm£ ^^512 * «t 9 ft s*« 

[»*S18] EiSSi, «JEBESStR*ffitc»^ 
£*ifcA 1 Sr±^i:«t«^-ytJ:^i:S?ltt 

*FE«ffi'**-->'li* ^IIE/£®S«-h{cae^n6#ti 
^®fl£tf>&fiCD 0 . 0 3 — 0. 15 (D^fflCDifi^ £W 
L ; S(rEH«S«tt, L i T a Oa ^faS:, Xfe^ 

£ ^ tf £ £ * »» ^ffc^l® &ii^$lo 

£;JxfcA 1 ^M^irt^lS/^-V^ <t 9ftS»tt 

iJisi^^-^ii, tffEffiiss±:J-ae*ixs»tt 
^©as^s^coo. o4 — o. 1 2<n%&m<Dm£*^ 

L ; BtFElI«£«tt\ L i Nb0 3 XifeS:^ 
Yfft^P)Z«^|6]ll6 6-7 4° <0%m<Oik&X 

2 0 ] iifiEIE«£«fi, LiNbOa 
Xtt^'Ot^ Y(tt*>P>Ztt*lPl^6 8 — 7 2° <7> 

[g»*:JS2i] «rEm«i^^— stiiaiim£«-h 
(ciajesixS»tt*ffiificoiK«<7>0. 0 5-0. l oco 

^^m^-r^t^^i 9-2 i <do%, ^fn^^-SE 

[»*«2 3] «tE««'<* — >^*A l -Cu^J: 
945:tt»«it5«*Sl 9-2 ^-T 
ix^— «Ett^»tt*Diifiasec 

t6I k&ft'&k-tZMXmi 9-2 3<7>9^, V>-ftt 
^-«E*^»tt*ffiSK3SB. 
50 HH*JS2 5] WE««^^->tt. B»Effi«iS** 



5 

[fi*l2 8] ^rlEm^^-Xi> BiIf5EEmS«^ 
ZtitzA l S:±^<tt511i/^-yi: J: 9ft5«M± 

^ffi^CO&^^O. 0 4 — 0. 1 2 09$BH<7)Jf:££W 
L ; ifflEflEWSSte. LiNbOa ^SKSSr, Xtt^r^ 

msas i otmttomc^mvft^tHi J: t) ft 

5!£ 2 ^liMi: J: «9 ft 9 , MlEffS 2 <o«»«ffi«, 
*iiiCHtIiE^2(Dmffim^{-S^^tLfc1S^ 

*©««*BJ:fJftS!B4co««»Wi:J:f9ftO ; AMB1B 

ft* #a(cffiE» i o««»»^tt$ix^«tt«>«« 

mess s <Dmmmm<Dm\cfr&i-zm%ti<Dmmm <t o ft 

5fg6<Dm«*g»<t ± 045S3Oi*tSi:J; 9ft 
9 ft 5 % 8 comffi^B* £ J: 9 ft 5 IS 4 (DBWmm k&<9 



(4) ^i¥9- 1 6 7 9 3 6 

6 

ftO, 

J: 9 ft 5Jgi 0 of ggsl ^ J: <9 ^ 5 S 5 ^)8f IS J; 
9 ft S r ?r^^t6#Mffij67^ /w* 0 
[«W<0f£toftKW] 
10 [0001] 

nfcaa*««H**r#-r*#tt*ffi«asB^BB'r6. 
[0002] 

«fi^o*«tci«v^K*#«-e»f^t-5«j»aft3SB 

£«£ffi-£ LT, WKL i Nb0 3 *^ a (0 6 4° 

4° Y-X LiNbOa (K. Yamanouti and K. Shib 

ayama, J. Appl. Phys. vol. 43, no. 3, March 1972, p 
p.856) £>£VM2L i T a 0 3 *gfi(O3 6 0 IhI$eY^7 

y bmzte\,^x$tm&<Dmmjjfa&xjjfak it3 6° 

Y-X LiTaOa £1&7^j£<{£;bft-0>5 0 
[0 0 0 3] 

30 imwmm^x? t-tzwkM) l*>>u 

s ^jas £ ft5#tH6&g«c*t ur*sa-c# ft < ft r> . 

5&-FLfcftiB£ttftbftv\> r<o«fc9fti««a6fflr«-eo 
[0 0 0 4] CCOct 9ft#*tcMSt^«CO»f^(C*5^T 

^/u^oaiS^««fcStM*»tt*ffiJfi*«»^SSH: 

5 0 W^^R^SSBW (surface skimming bul 
k wave) * 1tti*frZ> S S B W^rf^ 9 ^ffiiS^r L 

SAW (Leaky surface acoustic wave) <t ^fclT'So 
««8t«T«o^»tt*B»[7-f /U^IC*5ltSL S AWCO 
50 <EftBa^t-Ot>rii, 3 6° Y-X LiTaOa *5«t056 



7 

4° Y-X L i N b O3 SSi-OV^T, Plesskyfdl, £>5 
I Edmonson ifa^X 9 fl?#rrt s ft £ tt"C^5 (V. S. PI 
essky and C. S. Hartmann, Proc. 1993 IEEE Ultrasoni 
cs Symp. , pp.1239 - 1242; P. J. Edmonson and C. K. 

Campbell, Proc. 1994 IEEE Ultrosonic Symp. , pp75 
- 79) o 

[0 0 0 5] k^?>X\ ^<Z)J:5 4ffi*0 3 6 0 Y-X L 
i T a 0 3 &£VS4 6 4° V-UiNb 0 3 ^<£>. L S 

/Ur^t- ^^HJ^Lt (M. Ueda et al.,Pro 

c. 1994 IEEE Ultrasonic Symp. , pp. 143 - 146) 0 
[00 0 6] H21I1 _Lf2 Ueda itiKDjcm^ X 

^fi3 6° Y-X L i T a 0 3 ^£_hfcPf& £*L. Jgbtgfi 
S<7)3%^ta^i-^0. 4 9 /i mCOm£(OA 

[0 0 0 7] H32 1 Sr#fi8"f"6(-x ^^UT^ fc° — ^ B 

i*3 3 omhz &&icMi&£titzmm&mmc±cx\<^ 

»KJk* +ftto*>Bt»«c«ffi-s©*c*ri., ss'bwo 

L S AWtf>«£:#tf * LtL^9o 

[0 0 0 8] »CGHz ^F<Z)ct 5*##l-KJSft 

[0 0 0 9] t^X\ r<o«t 5*t**^Bg)H 

mm<Dmm^nvxmm4k£thtz* y bftxwvm 

[0 0 10] 

kxvtezw&mffimmmzm^x, wemM'*?—* 



(5) ^^9- 1 6 7 9 3 6 

8 

0. 0 3 — 0. 1 5CD©ffi<DJP££^TL ; 1itJl£J£mS1£ 
(4. LiTaOa m&MiZ. XttSr^Wc, Ytt^ibZ 
$ft^|^3JC3 8—4 6° C0ffiH^ftft"eiHllE*-&^:*ffiS: 

fi. L i T a 0 3 IJMSiB*:, X»*r«f»fc*C, Yttl^bZ 
*T*-£ ^ k *r#M» £ i" SISjRJS 1 

^®8W$^<D 0 . 0 7 — 0. 15 <D^m<Dm s £r^r-r 
Sri: S:»fti:tSSI*fl 1 ifcfctt 2 IEtt^»tt«ffijK 

CO^S^OO. 0 5 — 0. 1 O0>teffl<E>*££r^rU MIE 
BESS«f*, L i T a 0 3 *JISa«r, X«S:f^, Y 
»a»&Z»*lRHc4 0-4 4° <Dj6ffl^««"T?lHl(ESli: 

yb«»*«5iciH*u^«t ffiriaffi«ss«:, l i 

Ta0 3 xi^^^f:, Y«a>£>Z*fcfr[n]fc 

4 2° ofBH^fttt-eielteS-er^^ffiSr^f-rSfc^-Cfc 

^{4, A 1 «fc i«:«F«i:-r 4v^L5 

u -frA <fc 9 ft 5 r ^ ZW&k -rsif 1 l 5 tf> v > 

i:. ifffEffi®SS*®^^$HfcA 1 Sri^irtS 

««/^ ^ - ^ ^ x r> ft 5 7 4 tc , 
M^^Soo. 0 3 — 0. 1 5co©ei£>Ji:££:^r 

L ; StriSiEmS^f4, L i T a O3 \ Xtt^4> 

40 'LAC YtobZi*fS|i:3 8-4 6° OffifflOftffi-C 
IsIteS-Br^*ffi«:#L ; lfflSES«'* «B^ttffi 

o XJ&ffc S ttfclB 1 £ SB 2 <0ttBg««i 4: ^ 

(Dffimmmte, mm&®mmmm±\z^^x, t#imw& 



9 

©»K»J: 9 ft 5» fc, 3>Mc#aW*K 

Six, SJE»io««»W<oBH^aE-*-Stt««)««» 
J:D45»20tliS»tJ:9 49, tffESS 2 0>«Bg« 

<DfMffi<fc9ft5®3 0>««»8££, SVMc*iilc«« 
±D45*4©««ftSfc J: 9ft5w££#F»£i-£§il 

E*8»!S2 0t»tiilt jfflEEE«*«*BJ:i;:, . 

nMEWttSB m <om mm& \c » o x fcia» * n s r 

yj/\s*\c£V. 3{C|E*fcU^<t 
»E««^^->tt, lKrEffiSS«SB±K»/#£*Lfc 
» 1 2 ©*»««i:Sr*^ mrlS^i^) 

«W0tt«J*. WE£E«X«*BB±^*3i^r«lrE#tt«ffli 

T-^aaKS*tfe*aR^««» J: ^)45Si 0>«BMI 

^ft-r J: 9 ft sis 2 com^» £ j: 9 ft 

9, 99ES2<o«^mffifi, MEEE«aaR*B±K::f3^ 

-cfiftE#tt*ffi«^e»aKi-ss^u, *atcME»2 

IB *««>««» J: 9 ft 6^4 co 
mHlf 8£ £ J: 9 ft S w £ & *« £ i~ S 9 IE® OP 

ttSI$7>f;^{:J:^ SfcttBI** 1 4 lcE*Lfc 

j: 5^, «fe««^^— wim&mmmm 

B±Jc*si^rttE»tt*ffl«©fi*a»«c3S5JI+S «t 5 

i^n, WE»5^««iB»<oiiB^aE-rs«*<o«« 

It «fc 9 ft 6 SB 6 (7>tt«JgW ^ «t 9 ft S m 3 0>«?0«« 
t ; WEffi«X**B±lc*3i^T«»E»tt*BS««>e» 

SBi^xgu *a^WE»4^*«»«rca«*ixfc 

*««<o«ffi«J: 9 ft£!B8 69m^m»ir <fc 9 ft 5^4 

<fc5lc, »Elfr^->tt, *&lc:i»EBE«***B 
±Jcfe^r*a^WEA*«iF-J-»«*ixfeffl»<o«« 
i«t9 45JB5oafi»Bi, EvMc*aic««5ix, 

Miem 5 iz>««itw«>Kiic^«E-r *a»©««*t i: 9 ft 

6S6 0«ffi*g»i: J;9ftSIB3<o«»«ffiS:$^ Aft 



(6) ^¥9- 1 6 7 9 3 6 

10 

mmsvmmmmte. we»js 2 lt 

*B«:7-f A^KJ^, *^tt»*JSl 6^E«L^«t 
«*Effi«***ffil-»J**i'LfcA 1 
feirt^itStt^^-^i: J: 9ft6^tt^®^^^ 
a^k^t, ffirEttffi'**-:^*. jtftiei£ms&-h{- 

fiSbfi^tL-5#t4^®StOg?^<0 0. 0 3-0. 15C0^ 

(S<£>J¥£ £W L ; flftEffiSS«tt. L i T a 0 3 KMSA 
xi^t-L>i:, Yi^P>zi*[fiii:3 8-4 6 0 a> 
10 ttH©fcS^EME£*fc*filte#L ; «TE««^^-^ 
tt, MEE«XC*B±^. »tt*B«^e*a»^fi 
or»rt*ixfc*l —IB 5 ; ifftlElB l 

<o«Jg««tt, B!TEEE«S**B±^i3V^-Cfi(rE#tt* 

B«<oe»sK^35iiL, *a^A** : f-^*«*nfc 

«HK<**U SftE*i<o««S»<z>IH^^ifiE-t-S«»<o« 
ffi«J;9ft5J&2<0««fB#<!: J; 9 ft 9, ffimm 2 (DM 

mmmn. «rEffi«*«*B±^*5t^-cwE»tt«B« 

ofcaftg&fcffcSIU *a«-«TEfB2<oSffi*B»f-»3R 
20 Six*:a*©m«»J:9ftS*3<D««tB»4:, SLvMc 

#afcffi*»^ic««s*u «teis3<d«b»w©wiic 
^aEi-5*»«>*«» j: 9 ftzmmmmmmk 1 9 ft 

±tc^i^"c«jE»tt*B*«>e«a»^s!«-r5 «t 5 
stt, WE*5(D««»«fomic^aErs*«[^««*t 

«t 9 4S$6 Wffli}§»t «fc 9 ft 5 IB 3 0>ttffl$tt«£ «fc 
9ft 9 ; 1WESU <&«7gm«W\ ££>K> HftlEJ£m^« 
30 ^Bit-isv^TWEWttSBiftoeaftiSBtcfafilL. * 
a^«(rEffi2^««JBtttc«jR*n^iffl»<o««»J: 9 
45*7©tSfi»i:, SlVMc#a(ctti/iHK7-lc«Rd 
#t. «rE*7^>««»W<oiB«c^aE-r5«[»^*«»J: 
9ft5»8^««fg»i: J: 9ftS®4 0«»««i: J: 9 
ft 9, iWES 5 ^bC, iweee«s«* 

ga±tc^oV>-Cm!fe#^®K^)ei«SSS{-^-r5 «fc p 
l^fiKSix, *a^fflrE»4 0«ffi«tt^»jtt$ix^« 
»«)«l»J:9ft5»9«>««»»i:, SvMc*a^« 

mzti. fflE»9<o««»w^m«c^aE"r5a»o«« 

40 JgJ: 9ft^>^l 0(7>«aatW^ £ 9ft5»5 0>«Jfi$1Bffi 
J: 9 ft ^> r <ir «:4*flk i "T SWtt^Btt 7 /u^ J: 9 , 

E«HS«iBi:»filSnfcA I fci*»it5M/^ 
-^i:J:9ft*»tt*B**S»c*5i^r, MTE««^< 
«TEEE«S«±lcSijgdn5»tt«Bifioi6 
gcOO. 0 3-0. 1 5co®!Sco/i:^$r^L ; MIEHm 
S^liL iTa0 3 UMSAS:, X««:*^, Yi^b 

ZiMC3 8~4 6° <D^m<D^mx^m^^:tz^{tL 
so ^-c#a«-« i <Dm*\z&mztiizm&<Dm&m£ 9 ft 
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zmi (ommmmt . m 2 <om<oi&*{zK\,^z&mzm 

3 - 0 . 15 co^IS^/i: $ L ; fiftKJ£ttX«tt, L 
iTa0 3 mttfiS:, XttSr^^td, Y(**>bZ»*«I 
1:3 8-4 6° OffifflOftffTIsieS-lir^ffiSr^rL ; 

g£;ft5^t£^BK<£>}£:^<£>0. 04-0. 1 2<£>©IS 
OffSSr^L ; fl«rlBJESX««t, LiNbOa i(U£A 
Xtt^r^^C Ytttf>£>Z4fcfr[p]{C6 6 — 7 4° <£> 

ffiH^ft«-eiHieS"fr^ffiS:^i-5 fc©*efc 5 w £ £ 

»»£t-£»tt*Bft36BtcJ;«9, 2 0 tc 

isffiL^ctptc, s(rta£E«a«fi, l i n b o 3 mm& 

fett»*«2 UcfEttLfcJ:^^, ffiE«ffi'<*->' 

0. 05-0. 1 ocoffiis^^^w-r^r <fc&*M»£-r 

*fcteif!#3g2 2(c|SffiU^J;9f-, ifflE«ffi'<* — v 
HA 1 <fc«9#5w££Wm£-r5iS#JSl 9-2 1CD? 

fi*« 2 3 {c|5© Lfcfc 0 \z^ iWEWE'^ — VfctA 1 
- C u^«t !? 45 C i: t5«#9 1 9-2 1 

fctt8B#JS2 4(c|e®LfcJ; S(fE«ffi^^ — ^ 
(*> lWEffi«g«SBJbK:, «»co*««S:ffli^^^ 
-l7-f;^^Mt5r i*»att5«*«l 9- 
23^)H, ^-ftt^-aKEOl^SMt^ffiftKBlCfc 
•9, ^^c(ilS^:3S2 SKEfffiLfcJ; 31:, ifflEeS'** 
fttjE/E11g«^B_h{^ *«8t«rtt5ri 
«:«F»^i-SSS*«i 9-2 3^)H, ^•ftt^-^S 

■& wwttssasasfi^ .to,* fc«fs*js 2 6 ice« l 

<h &»«£-rs»#JSl 9-2 30H, i^-f 
Ett^#ttaffiiK36filc«t «9 , £fcfiffl#« 2 7 fcE«£ 
LfcJ;9l£, Mi^^-vii, lfflEI£«S«*ffiJL 
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ft*ffi«t3SHlc«t9, *fcl*»#«2 SlcEttLfcJ:? 
C «TE««l^^-xtt, «JEffi«»K*B±fc, g*£ 
»S:fSt5wi:S:»«tt5i»**l 9-2 3(^3 

t^-fix^— «E*©#i4*ffijS3SBJ-<t 0, 
tt#S2 9lcEttLfcJ: 5K X BHE«11'<* — ml 

t&mwik-tz>m**%i 9-2 3on, v^-rtt^-« 

E*^»tt*ffiaM6BK«fc!K Sfcliflt#fi3 OfcEtt 
10 LfccfcpK, J£«g«£, fflrEBEmS«*BtC^$n 
tzA 1 $r±^^tSlffi^-^i:J: 9ft*»tt*flB 

r^/u^k^t, »e««^^— ttiEKms 

«±*cagStt5#tt«B»E^JKfiO0. 0 4-0. 1 
2<7>®H<7)JP:££:WL, ; JtfJEEEmg«te, LiNbOa 
*«fiSr, X$8l£r*<C^ Ytt^b Ztt*|Sj(C 6 6 - 7 

4° o«5H^*iffi-ciHH5*^*ffl*wu ; toe«K'< 

^{c^o-c^^ttfc^ 1-^5 <nmmw>m&^& ; mi 
Em i (DffiM'm.Mte, mmE-mmmmffi^zteis^xmrn 

&mzmmisti, tft^i<Dmmmm<omzft&-rzm 

«fc 0*3#2 0>«IS»4: J: 19 419, j»ESS 

2 ^Emm^ffi^B±(-^^rifrE#t4 
*Biffifioe*SKtcafSu, *atcffirEiB2^«ait» 
* titzm&nmmm xyttzm <ommmm t , 

<OBBJc^ffi-rs«»cco«ffi««t «9 ft5S4©tSS8i 
«tf9 4f9 ;fflB*3©I»t*tt, Sfefc, fflEffim^ 
30 «^B±(cio^rWE#tt^BKogt6g|Kt-S!^'r5 
J:5*-»*S*t, *a(c#rESBio««»»(caj|ffi$n 

WE»5^««}g»(z>wtc^ffi"rs««^ 
<t «9 45S6 ommmmt x k> *z>m 3 <ommm 

«StE*B±l-fcv^r^E3*tt*Bjat«>e«SK^«SS 
L> *iitcWE»2^Sffi«»»-«astb^ffl»(0«fii 

saasix, «rE*7<D*«j8»^iKnc^aE-*-«**(o« 

^ctt)4»9, «HE»50g*t«li, $blc, mfE/E® 
S«*B±JcioV^rmE»tt«Bjfioe»SKlc^i- 

5ct9(c^$tt, &m\zffimm4(D®mmmzi%M£ 
ai-»»*ix, mE»9o««jBtt<omi-^aE-r5** 

comiim £ f9 45i 1 0 wSiMi: J: «9 45S5 <dB 

mmm xvtezzt <t -r 5 »tt*B« 7 -r ^ $ \z 

50 [0011] illt Et^SSS^^) "9 m L£j Srife^ 
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-fZmX'tbZo m 1 WttfL i T a 0 3 CO X 5*. 
^f H #X, Y, ZSrW-ramBiiMSitiSr. *Sfi«X<7>[sI 

mbfc^flg^^-fo w(oj:p*ffi«j|gaa«*oiHiteY 

[0012] i2liLiTa0 3 &t6&<0 0 IbHE Y - X 

IC, S6*J: H i Ta 0 3 Sfi±^»tt*ffi«3SttS:?K 
3 6° Y-XgffitfS, SfcLiNb0 3 S 
«±^9W±*a5tt3fi«*r*«i-«»*. 6 4° Y-Xl 

SCfclcJ;*. WfiH. fi¥tt«, US7 7- 

4 2#0S O 

[0013] HI 2 +, lAtVT Lfcftl&te, L i T a O 
3 (7)3 6° Y-XSSiSffi^ B!WS-tfD©{E»Wft« 
«SrJS-|C»« Lfc»fr0> L S AW<Z>e$&«2c£i+jS L 

ftSri^^S, fc«U rOtHIC-Ctt, Kovacs <u& 
(CJ: ^^^^tL/c^ffaCO^^r^o/c (G. Kovacs , et 
al., Proc. 1990 IEEE Ultrasonic Symp. pp.435 - 43 
8). 

[0014] ua>u GHz **«>j:5*«tt*««-e 

[0015] £ HJ3 1C. L i T a 0 3 SK-hiCA 

^irHJte^ 0^g|^^^-r o fcfcfU B3t, i&l&tem 
0 *r^**- 0 We>*Mc % g*£_hic^ig^ 

[0016] L i T a 0 3 ¥*£ifigffiO|El«fc 

9, GH Z ffl?«^*3^T*ffi«E«7>«fi^>*<. Q^S5 
^»tt*ffi«t3SfiS:?Kj«-rsCi:*ST-*-5. ceo 

-^a, stem i.x i&mfoMizis? h-r^fc«>, ^<dj: 

5fc0<Eft®*:£v*L i Ta O3 S*±^*«L/t»tt 
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9 iz x 7^t* — ^a, Bf^^^&tcssi-S'b 

[0 0 17] *«Wt-«:, iiiB»««tt*>ftjgJ*: 

tlnHEft 0 K>mtl>. ^l'GH z »«T-tt, fS3feffi 

T a O3 ***s«ixfcaiB*«**3J:r/A*ltSr*x.-5 

10 a 0 3 »«±*c*rtLfc»tt*BB«7-f yu^fl!>Jllftfttft 

£{£v\ *lHl(eft 0 CO L i T a 0 3 SflSLhK* ««| 

[0 0 18] ID 4 J: 0 J: ?tc N ^/i^fi, Sffi 
©EIIEA. i"ft*?*>* y hft 6&3 6° Y, 4 0° Y, 
4 2° Y*3«fcl*4 4° YCOV^^LCO^'^t-'b, B&f^— <£> 

[0 0 19] ^fc, HI 5 ct 9 ;fc>7^£ ct 9t-> L i TaO 

3 SfiW[Hl^0^4O o Y-44° Y(D|5IS{C^^L 

thmi$<Dum$&ms t4^-3 5° 

C-85° C<Z>tSHT?fi. HIte^0^«^3 6 o Y{^ 

4 0° Y-4 2° YW«r«im, ft/J^A* 
[0 0 2 0] jg)6fiL i Nb0 3 VM&iill) 0 0fc 

30 Y-xsffi±^^$n^*««oi*Aa^sr, 

-C^Uyt*j»fi, LiNbO 3 C06 4° Y-XIS8B 

L SAW©fil»»*S:IHL^fc©'e, EMEA0*S6 4 

U rOf+gtT*(±, ffarnerftfetcj; 5 «*S*bfctti«>3e 
^C^r^ofc (J. Acoust. Soc. Amer. , 42, 1967, pp.12 
23 - 1231)) o 
[0 0 2 1 ] L*>U GH, SFttOct 3 

[0022] -Tft*>*>, L i N b o 3 «MS£KK0>|sHG5 

50 «9 % GH, Sr«JC*5^r*ffi«0««^'>*< , QfrM 
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[0 0 2 3] 

lcov^»«il:ffiWt-5o i7 (A) It 

¥ffiEk 87 (B) li^<z>^«|5]RI3-eS>So 

[0 0 2 4] 0 7 (A) £r#JBi-5K, ^ft^S&^-f 
/U^teL i TaOa £fcf3L iNbOo ^JISAWIhMEY 

[0 0 2 5] t^^igtiR, , R, ' , R 2 , 
R 2 ' , R2 " fcl*5l^C, A*«J««ift m^(Om 

<h 2 ©*lfillc?1Ti:8ftt5» 2 S^omUfg 

Ri ' , R 2 , R 2 ' , R 2 " left xW*r^]±(7)p]{|iJ 
Ri , R: ' , R 2 , R 2 ' , R 2 " to A 1 - 1 %C u 
[0 0 2 6] 07 (B) ii06 (A) O^^/U^CO^ffi 

®kei*^o is 7 (b) *r#flRi-sjw, mmmmRx 
&£xfRi 9 ftWMsmzti. zbicmmmMR* , r 

(A) , (B) o#tt*ffiiK7-f^^l-ov^-cll»Wfc 
»feftfc*/M*A«5fefc, LiTa0 3 l l 

<Dlgk* t£* y bft 6 fcov>-C*i\ */hi*A»*«, ^ 

[0 0 2 7] msZ&m-fZlZ^ »/h»A«5fc«:£«C0 
#:y hfttf*if*^5Ko;h/Ctt'>U 4 2° i£i2<D;*7;y 

° S:«^5i*/M*A«ife«:HVi«*-r5. tot, y 

<< j\s?wxm$k<Dffi>*i)-h\~±, LiTao 3 mm 1 1 <o 

9, 7-f/u^<0S/M¥A»*S:i. 6 d BWrttcffl** 
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[0 0 2 8] #3g0)-Oli, ^fcLiTaOa 
5C<taULtti$*L;/c. H19 (A) te«?fclt<03£S££^ 

-To H9 (a) sr#na-rsjc, #i»jtf4, 

/hJfAi»^Ltl. 5 d BOttSSr^x. B 
v\ bw, /bw 2 \z£ <9-$-x_btiZ> 0 &Mit&*:£i<^ 

10 PS «9 l(cift^< J; 5*c9MS*aB*7-f /^trHW-TS© 
[0 0 2 91 39 (B) It B7 (A) , (B) <D«M4 

mmmy-c^\c^xm»mcmhtitz^m^, ee 

SSgi 10*7 dcom$kt ur^-To 0 9 (B) 
«fc 9 ?lc\ ftmtt&x ? h«edSif*ni-S^o 

tb-C KCiS<3#, 0=4 2° Wyhfttft/Ml. 4 
7{Cig-f£ 0 — ^^h^^4 2° $rSx.Tii^:-r^ 

U 7-f^©«Rtt#*fttS. 
W K J; * #f£^®& 7 / WCIt */h#A*5fe# 1 • 
20 6 d BJ£Jt~F, 1 . 5 5^Tt*feSlt^i 

£L<, t£oT0 9 (B) «9 . L i T a 0 3 StRCD* 
yYfkQt Utfi, 4 0-4 6° Of&ffl, #H4 0-4 

4° rc>j8fflfl s #£ lv^ £as*>a>5 0 Wt-, X ybfie 

£4 2° icRfi-TSC tic*?), ft/hi* A»*£*/Mfc 

[0 03 0] gllOlt 17 (A) , (B) 

•To il0^> HiBMlL i T a 0 3 CD 4 2° Y-Xli 

30 iTa0 3 ©36° Y-XS^^Stl 1 t IT^of: 

[0 0 3 1 ] [HI 0$r#it5{C, ffliflfflr«*tttt8 8 
0MH 2 jc4»^«JSe**^TL, i^4 0MHz (O^lHT^il 

4 2° Y-XlS«of;7^^^\ fi^3^ 
(7)3 6° Y-XS«ESrffiofet©«fc V h£ OSnttfeW 

40 [0 0 3 2] Blllt L i T a 0 3 <Z> Y|3(HXjR£ffiE 

^ 0|Col^TW-*Lfc:je*S:^"ro tUtiCtt, Kovacs 
[0 0 3 3] 01 l*r#fl8-rs»c, tMl^fttk 

50 ia««rticy y ^4i:t9t5Hi*«ti:6. 01 
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[0 0 34] B 1 2 li, HI 7 (A) , (B) <D7*<Jl>? 
fciSV^T, «*#;*7 y bmX'M&ZthfzL i T a 0 3 <£> 

1 2<DfrlffC:te<^Tfc* 9c<D^Mtmm^. Kovacs ftH 

[0 0 3 5] Hjl 2<t "9 J: 9 {-s ^ ^ h^l^ 3 8 

° WT©»^, w**fci:t>^»»BB»tt 10 

mcz> 0 Sffil l^j/ h££, 9t{z.t&W Lfc£P 

mzfcT&tttezt. m^x^fy^a^/^-^ 20 

v\, HI 1 2 J: <9 , A 1 fc-SVMSA 1 - 1 %C u^Srffi 

o*:««<z>»£\ tg^j?$«f<z)i5%^ii5 

CDffifflT'fi, ®^COi?^(i0. 07-0. 1 5(7)©(S 

£fc# y hftfc4 0frb4 4° (^ffiffl-Cfi, ti<D 30 
Jf^fiO. 05-0. 10^iiT*$)^^*iU\ 

[0 0 3 6] HIl 3 ft, HI 7 (A) , (B) CD 7^/1^ 
fC:fcV>T. M*te$ y bftXJ&J&£tlfzL i N b 0 3 <D 

L. HIl 3CO|f^T^i, Sfctf) Warner ffiOfifiSftSrft 

[0037] mi3j:^ t>fr*> x 0 ett§«^fis s 
ss^yhftt6 6° ^iitc^^-r^^, ess 
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■c«a-e*ftv>ftfrT-c«t, l i n b o 3 mwL<ot> y v 

#£6 6° &±\£WL1&irZ><D&m*l'\<\ — mffito 

lc*fLTi 2%a^tc^^ J: 9 i:Mt6^?)^^ L 
l\ rttt-f*l\ LiNbOa m&CDjJ y bftt±6 6° 

[0 0 3 8] a_hCO^-Hffi0iJ{^^^T, ««&filctt:A 1 

£h Mx.liAuT*t5i^i:it 

(7)0. 4 — 2. l%C0®H7!i^ ^CL iNbOa Si 

ii:a u xmmzMf&'t&mf&icte. mm^m^n^ 

COO. 5-1. 7%(Ojfiffl{^R£i-S035S»* L^o * 
fc. L i T a 0 3 1S1CC uttg^Mt^l^C 
tt, fcgr^O. 9-4. 5%<OjEH^KS"*"S(Z>3&^ £ 

^:LiNb0 3 Sffili:Cut*lS!r^t5i^i: 

fift^i. 2-3. 6%<o®ia^^-rso^^ 

[0 0 3 9] 014 (A) II 17 (A) 

7^/u^(7>— 3E?g«f»JSr, *f:il4 (B) tt-t «>*?«§] 

Kia&^i-o fc*fu mi 4 (a) , (b) 9c{cm 
z> 0 mi 4 (a) £r#Hg-raic, ^fe^ffi&^^^m 

M7 (A) O^JfiWi:l^«l*C, LiTa0 3 ^f:li 

[0 0 4 0] mi 4 (B) S:#»,tSlC, «»t«Ri 

Rx , Rx ' , R 2 , R 2 ' tt-ttt^«ft^«:^J« 
IflffiRi ' iiRi CD^l/acD^SSrW-T^o 

[0041] :©«t^j:«^»ttSIfi7-<yi/^-e 
SS(-L i TaOa Srffio^:^, Inlfe^ 0 S: 3 8 
0 Wi4 6° J^T, J: t? £F£ L < 4 0° J^±4 6° J£A 
T\ ttff*L<li*i)4 2 0 tc^^-r^ * irtcj: fp, * 

tsfi^L i Nbo 3 srfieofc^-g-, mm& 0 &6 6° 

0 tt«ffift«F*-Cffio/5i»^{c be»«3fe«r»/J^fb-*-S 
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[oo4 2] tzzx\ *mfiWtt±ia«>7^— 

iiSffl"5rtBt?*>S. WtH H l 4 (A) , (B) co:^ 

[0 0 4 3] il6MM^2iWJiaS, II 
DT (interdigital-interdigitaltransducer) ^$c<£> 
5Wt*®i67-fyu^ 2 OSr^-To Bi6S:#It5l:, 10 

I I DT7^;^ 2 OteVttCt&WLtctt y h^#3 8 — 
4 6° CO YIeISgX LiTaOa 1 1 . fc^Wi;*; ;y 

h£j^6 8- 7 2° CO Y[h]$gXL i Nb0 3 SSl U 
KJfcfiBSfL, L i T a 0 3 SIR Srffio Sbigpt£ 
M8SI^3-15% LiNb0 3 S«Srffiofc« 

-&afi5W4*ffiRo 4 — i 2%<af£|ffl0JP££^-r5lS 

[0 0 4 4] iffiiS«g^CfpStJ 20 

IltE»*ixfcA*««»miiRin4:aA«l»»«liR 
out ir.fcOfc'K #*©A*««»tSRin(4, A;*>«8 

(Cf±-*KOR»«R f AS^SttSo 
[0 0 4 5] frfrZ>mj&fc&\,^Xb. M 7 (A) , 
(B) <7)^©<bP^tCL i Ta0 3 YES* X« 

*c J: 0. »jfc*r*/hffcU ft^it^iRjJiL^JE^iiiflffif 

6 7 ^tL5o 40 

[0 0 4 6] Ml 7 1*, #«WO»3HlfeM(Cj;5#tt 

fc, W&mffit&7 <{ 3 OttftCRBLfc* 3/ hft^s 
3 8-4 6° (DYlHJlHXL iTaOa ^fc(i^7 ^ h 
^^6 6-7 4° OY0$gXL i Nb0 3 ^Kcfc^ft-SS 
«±lC»j«Stt, LiTaOo ffiRSrtfofcJfrfr. 
(7)3-1 5%(DtEHOff*S:^S«S«««S:^dc*ix 
TV>6 0 L i Nb0 3 S«Srffi 5 

Mic^-cfc* iKHtLSAw«^n, lag 50 
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[0 0 4 7] ^^®St^^^^fi3 Of*, El 1 1 <Dm 
KoA*«ll»»tI«R*„i3J:^m*««»S«Ro U t: £ 

#U $ e>U:*rc>*HMl;:— »©R»SR 1 *KRLT^ 
5o *^S«J«lc*3i^r<>, HI 7 (A) , (B) <DmW 

tmmzmmo* y h#&&xfimm<Dmm&mmit-rz> 

[0 0 4 8] ED l 8tt. *5SM<o»4HJEfl»J^J:SflM± 

tc, »tt«ffijs*s»4 on. mam\^tL*y vmtf 

3 8 — 4 6° COYlHJteXL i T a O a fe, &5l/M3:;27 y 
hft^6 6-7 4° COYHJ^XL i N b 0 3 fa£ t)&6 
mm 1 1 ±(C^/££;ft, LiTaOa SfiSrftofcS^ 
fete, &gco3- 1 5%^ffiH^ffS4r^T"fS»?K«« 
£flM£*bT^<5o — L i N b 0 3 SKSrffio^:* 
-g^fi, &fico4-l 2%cotS[ScoJ¥££;£1-6ffi^® 

[0 0 4 9] ^14^®^^^^^ 4 Of*. Ill 6COS£@ 
OU*«J«®«aii:l^«*«fiK<3C>«»««Ro U t: . 
^CO^ffllKCiaR^tt^, Ell 6<7>8R(7>a*iB!J«J»« 

fflJfe-*t<Z>K»S§R I «rE^Ltv>5 0 ^ofi, 
«RinttAA« : F4li:»«$ix, -*WliRout 

[0 0 5 0] a»a>5«iSlcJ: 9, HI 7 (A) , (B) CO 

fcttSo HI19f*, *1^©I5^1« 
«t 6 1 h 5 0 <nmj& Sr^-To 

[0 0 5 1 ] HI 1 9 S (C. #tt*ffiaft*S« 5 

Ofift^ttML^^y H^^3 8-4 6° 60Y(HlfeXL 

iTa0 3 ^6^1^7^^6 6-7 4° COY® 
SSXL i Nb0 3 ««t l±^Jg^^tt s L 

i Ta0 3 $rS«JCffiofc*^(Cfi % S«l lJilCte^ 
gC0 3-l 5%cofSH«Ol5*«:W-?-6«5?g««^j5g$ 
tbTl^o — L i Nb 0 3 S^^^ofc^JCfi, 
S«l l±Kf*. ^gC04-l 2%CD®ISOif:^$r^"r 

[0052] «M£*ffi8t*iSS 5 0 tt, fl5rES«±ic?g 

[0 0 5 3] *^5fll*«-J:9, HI 7 (A) , (B) CO 
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[0054] (3 2 o^#it5i:, w&mmm&m$s6 

0te$£{zm.W\^tz% ? hft&3 8-4 6° OYIhI^XL 
iTaOa fe6V^7fftjJ J 6 6- 7 4° OY® 
gXL i Nb0 3 Si^^Sffil l±lcM^tl, L 

tlX^^o —Jj* L i Nb0 3 Ife^oti^Cli, 
gjfcl l_hf-f4, ISf04-l 2%<7>®IS<z>J¥££W-f 

frtcgsg-rso w&mm$i&M^6 oil neosi 

0 14, iMiR! o»i^«ffiJg»jc»«Six^i 20 

«7>dg^6 1 ttffl£«ffiR 2 Off l<0««*8WlC«tt$ 

[0055] frfrzmmci: 9 , m 7 (a) , cb) co 

[0 0 5 6] 

[0 0 5 7] »#«6, 7|BttO*:«W(0«f»fCj:ix 

li, l i t a o 3 Sfi*®i:M$ix5iS^A 1 

**4 OMtsr £{c4 9, Sift»»fcftotMi: 40 

1 8EttO*56WO«F«^«tiXfi, L i T a 0 3 mm<D 

[0 0 5 8] !8#JSl 9-2 llEtt^**MO»aiCJ: 
*U4, Li Nb O3 g>WL<D*y Vm*. SffiSffilCflSjS 
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co^ffi(-J:ttf^, L i N b O3 M^ffi^M^ix^l 

[0 0 5 9] §Mt3g2 4-3 0lE*<O*5£M^W»JCj: 
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